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Investigation of the physiological function of the suprarenal glands 
has presented many difficulties.  The intimate relation of the cortex 
to the medullary portion of the gland, which contains adrenalin (or 
its precursor), has rendered it hard to separate the cortical material 
from  the  latter  substance.  Furthermore,  the fatal  outcome of  re- 
moval of  the  glands  (in  the  absence  of accessory  cortical  tissue), 
within a short time after operation tends to confuse the results of the 
surgical procedure with those due solely to  ablation of the  cortex. 
The introduction of an extract of beef suprarenal cortical tissue (1), 
nearly free of adrenalin and of lipids, the parenteral use of which pro- 
longs indefinitely the life of suprarenalectomized cats, now makes it 
* Dr. W. M. Firor has done many of the operations for suprarenalectomy and 
has developed important details in the operative technique.  Several animals were 
prepared at Princeton and shipped to Baltimore for the experimental  work  by 
Dr. Swingle.  The operations during the early stages of the work were done with 
the collaboration of Dr. Hans Widenhom.  Dr. R. Penick has done several during 
the past spring.  The remainder of the operations, and all during recent months 
have been done by Weinstein and Harrop.  The cortical extract used was furnished 
in part from the Department of Biology,  Princeton University, and in part  was 
prepared in the Chemical Laboratory of the Medical Department, Johns Hopkins 
University and Hospital.  Preliminary reports of various portions  of  this work 
were published in Science, 1931, 73~ 683; Tr. Assn. Am. Physn., 1931, 46~ 138; 1932, 
47, 274; Transactions of the American Society for Clinical  Investigation, J. Clin. 
Inv.,  1932, 11~ 816. 
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possible to renew the study of the problem and its relation to clinical 
disorders. 
Method 
The adult male dog was used in the present study.  It was chosen because in 
this form accessory suprarenal cortical tissue is rarely found (2).  On the other 
hand, accessory chromaffin tissue occurs in considerable amounts, especially in the 
abdominal chromaffin body, so that it is unlikely that a  critical deficiency may 
occur, except in so far as proper function of the medulla may depend upon the 
integrity of the cortex (3).  Lastly, the dog lends itself well to metabolism experi- 
ments involving repeated collections of urine and blood, and can be trained for 
studies of the respiratory metabolism.  The operation of suprarenalectomy in the 
dog is more difficult than in some other forms, but with practice can be performed 
rapidly with little danger.  The anesthetic was found to be of importance.  The 
animals received a preliminary injection of morphine, and care was taken to avoid 
excessive or prolonged etherization.  They recovered promptly and generally in 
an hour or two were standing up in their cages, eating on the following day.  A loss 
of 0.2 to 0.5 kilos in weight usually occurred but was regained within a week.  The 
animals have been suprarenalectomized in two stages, the intervals between opera- 
tions varying from 1 to 5 weeks.  Most of the operations (Swingle, Firor, Penick, 
Weinstein) were done from the lumbar approach, but several were also performed 
by the abdominal route (Widenhorn).  In all, a group of about sixty animals have 
been studied during the past 2  years, and  form  the basis of this report.  The 
possible effects of estrus or of pregnancy have been avoided by the exclusive use of 
male animals.  In every instance the gland was removed intact, without tearing, 
in the surrounding fatty connective tissue.  From this it was carefully dissected 
out, weighed, and the medulla was then removed by dissection underneath a hand 
lens for chemical analyses.  We cannot assert that accessory cortical tissue does 
not exist.  We can say that  careful search at autopsy has uniformly failed to 
reveal its presence, that withdrawal of injections of the cortical extract has always 
been followed by the characteristic symptoms of insufficiency, and that in every 
instance the animal has died when injections were not resumed in time to prevent 
such an outcome. 
The animals have been kept in well ventilated quarters in individual cages. 
They have been maintained on a standardized diet with daily exercise in the open 
air.  Vermifuges were administered when indicated prior to operation.  Further 
details as to care of the animals and the administration and assay of the cortical 
extract have been given in a recent article on a biological method for assay of the 
hormone (4)3  All of our dogs are now vaccinated as routine against distemper 
before operation. 
i The dog unit is defined as the minimum daily kilo dose of cortical hormone 
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The  following studies  are reported in  the  present  communication: 
(a) the effect of injection of the cortical extract into normal animals; 
(b)  the  maintenance  of  suprarenalectomized  animals  with  cortical 
extract;  (c)  the  clinical  picture  of  suprarenal  insufficiency,  due  to 
extract withdrawal, and the subsequent recovery following resumption 
of injections;  finally  (d)  a  search  was  made  for possible  changes  in 
various blood constituents in the suprarenalectomized animal during 
the various phases, including a reexamination of the evidence for blood 
concentration. 
(a)  Effect  of  the  Cortical  Hormone  upon  Normal  Animals 
Because of the  current  confusion  as to  the  results of injections of 
the cortical hormone into normal animals we present typical protocols 
showing the effects of such injections upon certain blood constituents. 
(Tables  I  to  IV).  Amounts  of  the  material  up  to  100  cc.  in  bulk 
(Table III), and assaying up to approximately 1800 dog units in strength 
(Table IV), were given in a  single intravenous injection without  any 
adult, well nourished,  male dog for a period of 7 to i0 days; the two criteria of 
normal physiological condition being maintenance of body weight and constant 
level of blood non-protein nitrogen  (or urea).  According to this definition the 
hormone content of different batches of our stock cortical extract varies from 4 
to 10 dog units per cc.  The assay value of the new whole gland extracts (5) vary 
from 40 to 100 dog units per cc.  We have been using the whole gland extracts 
since Mar., 1932. 
Adult  dogs are selected,  free of infection and  worm  infestation.  They  are 
suprarenalectomized in two stages, and the success of the operation is established 
after complete healing of the wounds by production of symptoms of insufficiency 
by withdrawal of extract.  The dogs are then placed in separate cages and given 
0.5 cc. extract per kilo subcutaneously in two equally divided doses daily, morning 
and evening, until it is demonstrated that the blood non-protein nitrogen (or urea) 
is at a normal and constant level, that the weight is maintained, the food properly 
eaten, and  the clinical  condition in every respect normal.  The ration given is 
constant and consists of 80 calories per kilo per day of bal-ra dog ration with 1 cc. 
cod liver oil three times weekly and  1 gin.  vitavose per kilo three times weekly 
on alternate days.  The dogs are permitted to run in the open air, weather permit- 
ting, at least 2 hours daily.  Certain animals refuse to take the ration indicated 
above and fresh beef, milk, and horse meat have been used in such cases for tempo- 
rary or extended periods in order to produce a proper state of nutrition.  Supra- 
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noticeable immediate  physiological effect.  No  symptoms  of  over- 
dosage were detectable in  the  intact  animal  even after  continued 
TABLE  I 
Effect of Cortical  Extract Injection on Blood of the Intact Animal.  No Evidence of 
Discomfort or Abnormality of Behavior after the Injection 
Dog 8, weight 14.4 kilos. 
Date 
1.030 
Oct. 8 
9.00 a.m. 
1.00 p.m. 
Non- 
protein 
niWogen 
mg. per 
I00 co. 
30 
26 
Suga 
rag. pe 
100 cc 
100 
95 
Creat- 
inine 
rag. per 
100 c~. 
1.3 
1.4 
Serum 
phos- 
phate 
rag. per 
I00 co. 
2.7 
3.3 
~rnr~ 
choles 
terol 
rag. pe 
100 cc 
130 
111 
25 cc. extract intravenously (approximately 150 dog units) 
2.00 p.m.  22  95  1.3  3.3  120 
3.00 p.m.  26  97  1.3  3.4  111 
4.00 p.m.  24  95  1.3  3.4  103 
5,00 p.m.  21  90  1,3  3.9  -- 
Oct, 9 
9.00 a.m.  22  75  1,3  2.7  83 
Plasm 
proteiJ 
gin. p* 
100 c( 
6.3 
5.2 
5.4 
5.3 
5.5 
5.5 
klbumin  Oxygen 
~lobulin  capacity 
ratio 
vol. per 
18.1 
34/66  17.7 
41/59  17.8 
17.6 
16.9 
42/58  17.8 
TABLE  II 
Effect  of Continued  Daily  Injections  of Cortical  Extract  on  Blood  of the  Normal 
(Intact)  Animal.  No Change  in Weight or Nutrition 
Dog 8, weight 14.4 kilos. 
Date 
1930 
Oct.  9 
Oct. 16 
"  22 
"  28 
Nov. 5 
I  Serum  Plasma  [  Plasma  Non-protein  Creatlnlne  Sugar  inorganic 
....  nitrogen  nitrogen  phosphates  cholesterol  proteins 
rag. per 100 c¢.  rag. per 100 co.  rag. per 100 ¢c.  rag. per 100 co. I rag. per I00 co. gin. per 100 co. 
]  22  [  1.3  75  2.7  83  [  5.5 
Thereafter injections of 5 cc. cortical extract (40 dog units) daily 
29  1.5  85  4.1  166  6.0 
33  1,4  66  3.3  166  5.3 
30  1.3  72  3.0  120  5.6 
26  1.5  75  3.7  150  5.5 
injections of large doses over a period of a  month  (Table II).  This 
hormone  accordingly  resembles,  in  its  absence of toxic  effect,  that 
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TABLE  III 
Effect of Cortical Extract Injection on Blood of the Intact Animal.  No Evidence of 
Discomfort or Abnormality of Behavior after the Injection 
Dog 4, weight 14.5 kilos. 
Non-protein  ~  ~  ti"  Serum  I  Plasma 
Date  nitroge.______~n  ~uga____~r t~rea  mn___~e  phosph  ate  cholesterol 
40  85  11.414.1178 
I  35  J  90  [  1.4  ]  3.4  [  82 
1.30 p.m. 100 cc. extract intravenously (approximately 600 dog units 
1930 
Oct. 10 
9.00 a.m. 
1.00 p.m. 
4.30 p.m. 
9.30 p.m. 
Oct. 11 
9.00 a.m. 
1.40 p.m.  36 
2.30 p.m.  36 
3.30 p.m.  33 
38 
32 
33 
90 
95 
92 
95 
95 
95 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
4.1 
4.1 
3.9 
4.1 
4.3 
3.3 
81 
83 
76 
50 
57 
53 
'lasma  I  Oxygen  __r°teins  capacity 
ra. per  I  vol.  per 
O0  cc.  [  cent 
I 
4.8  I 
4.9  16.4 
4.5 
4.4 
4.8 
4.4 
4.1 
4,5 
16.5 
15.5 
15.1 
1S.0 
15.1 
15.3 
TABLE  IV 
Effect  of Cortical Extract  Injection  on Blood of Intact Fasting  Animal  (Animal 
Fasted Commencing 15 Hours before and throughout Course of the Experiment) 
Dog F-39, weight 10 kilos. 
1932 
May 31 
10.00a.m. 
June 1 
10.00a.m. 
10.30 a.m. 
11.30 a.m. 
2.30p.m. 
June 2 
10.00 a.m. 
Non-  [ Plasma  Date  protein  Sugar  chlo- 
iitlogen  rides 
rag. per  rag. per I rag. pet 
I 100cc.  ~ lOOcc.  100cc. 
34  82  [ 
26  I  98 
I 
a ' Plasma 
choles- 
[  terol 
i 
r  I mg  pet 
•  !  100cc.  X106 
]  6.90 
488  90.9  7.80 
Red 
blood 
ceUs 
Volume of  Mean  Mean 
Hemo-  packed  corpus-  red cells  corpus- 
globin  (hemato-  eular  cular  hemo- 
ctit)  volume  globin 
gift.  c.p  "YT 
15.8  54.0  78  23 
15.1  52.4  67  19 
Mean cor- 
puscular 
hemo- 
globin con- 
centration 
per cent 
27 
29 
30 cc. co~ical Extract H63-66 intravenously (approximately 1800dog units) 
30  I00  484  90.9 
24  98  496  90.9  7.65  14.0  49.0  64  18  29 
30  82  496  90.9  7.38  15.0  53.6  73  20  28 
Extract H  63-66 had a  strength by dog assay of 60 units.  The erythrocyte and 
hemoglobin measurements were made by Dr.  M.  Wintrobe. 310  SUPRARENAL  CORTEX.  I 
trast to the toxic effects which result promptly from overdosage with 
insulin, adrenalin,  and the extracts of the thyroid and parathyroid 
glands.  No change which is constant or significant in character has 
been detected in any of the blood constituents studied.  We do not 
believe such changes can be made the basis of a method for assaying 
the cortical extract, in concentrations, at least, as at present employed. 
(b) Maintenance of Suprarenalectomi~ed Dogs with Cortical Extract 
The bilaterally suprarenalectomized animals have been treated with 
subcutaneous injections of cortical hormone twice daily,  using the 
customary maintenance dose as above determined.  During the first 
few days after operation, and until the appetite is well reestablished, 
and superficial wound infections, if present, healed, we give larger 
doses.  Under such circumstances the animals are active, maintain 
their weight, take food eagerly,  and exhibit the sexual interest of 
normal dogs.  Blood pressure, pulse, and body temperature are kept 
at normal levels.  The subcutaneous fat is not diminished and resist- 
ance to infection is well maintained.  The hair grows back quickly and 
profusely at the site of operation.  There are no characteristic changes 
in the blood constituents studied.  Our experiments indicate that the 
maintenance dosage is higher in the growing animal. 
Dogs suffering from wound infections, intestinal parasites, or sub- 
jected to severe surgical trauma, or which are permitted to go into 
advanced insufficiency before resuscitation with extract may readily 
lose 20 to 25 per cent of their body weight and require a prolonged 
period of nursing with the administration of large amounts of the 
extract before they gain weight and return to  a  normal condition. 
Withdrawal of considerable amounts of blood at  any one time, or 
repeated small blood withdrawals from these animals have a decidedly 
unfavorable  effect.  Chronically  undernourished, underweight  ani- 
mals, even if the inanition is not due to deep wound infection or to 
worm infestation, usuallyhave a higher extract requirement.  Animals 
which are not permitted to lapse into severe insufficiency, and upon 
which exacting experimental procedures or blood withdrawal are only 
infrequently performed remain in good condition.  While not unduly 
sensitive to  cold, suprarenalectomized animals on daily extract in- 
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are badly tolerated in hot weather and recovery even with adequate ex- 
tract is more difficult to bring about.  Long haired dogs seem to be more 
resistant to the effects of suprarenalectomy, possibly because they are 
better insulated to temperature changes.  Not infrequently an animal 
subjected to experimentation will sink gradually into a  condition of 
chronic inanition and finally die in insufficiency, autopsy showing no 
unusual  findings  or  infection.  This may occur,  in  spite of  careful 
nursing, feeding, and apparently adequate amounts of extract.  Feed- 
ing of fresh beef suprarenal  cortical tissue, milk,  20 per cent cream, 
yeast concentrates, and cod liver oil, as well as oil injections  (yanol) 
intramuscularly,  appear to benefit such animals;  but the results  are 
not always successful. 
We have now had a large group of animals bilaterally suprarenalec- 
tomized, with survival periods varying between 2 months and 1 year. 
We present the protocol of an animal which survived bilateral supra- 
renalectomy for 360 days, death finally resulting from a relapse due to 
an emergency in which we lacked actively potent extract for experi- 
mental  use.  We  are  not  yet certain  that  injections of the  cortical 
extract  will  maintain  the  suprarenalectomized  animal  in  normal 
condition, provided the nutrition is properly preserved, over indefinite 
periods, but there is at the present time no evidence to the contrary. 
Protocol of Clinical Course of Dog W-13.--A male collie, weight  13.2 kilos, was 
suprarenalectomized in two stages  (Widenhorn).  The left suprarenal gland was 
removed Nov. 21, 1930, and the right one Feb. 2, 1931, both by the abdominal 
route.  The dog died 11 months and 27 days later in suprarenal insufficiency. 
The original operative wounds healed well.  Cortical extract was withheld to 
test the possible existence of accessory cortical tissue.  8 days later, Feb. 10, the 
blood non-protein nitrogen was  104 rag. per 100 cc., weight 12.3 kilos, the  dog 
showed  complete anorexia, was  apathetic, and had diarrhea.  1 cc. of cortical 
extract per kilo of body weight was given, and the next morning the dog was active 
and normal in all respects.  The blood non-protein nitrogen had dropped to 57 
rag. per 100 cc. 
An assay of a lot of extract was then made, and of the material used 1/6 cc. per 
kilo  was adequate.  On  1/8 cc. per kilo,  in 5 days  (Feb.  26),  the non-protein 
nitrogen rose to 84 rag. per 100 cc., the dog refused food and looked sick.  He 
was given a larger dose of extract and recovered. 
In Mar., 1931, the animal was placed in a metabolism  cage to study the effects 
of gradual withdrawal of extract.  During this experiment, after the dog had been 
on 1/6 cc. per kilo of extract for 3 days, the non-protein nitrogen rose to 82 rag. BZ  GOD  NONTPROTEIN  NITR~[N  I 
~L  OOD UREA  NITRO6EN  l  URINE  IVlTIgO6EN 
IN ADRENAl EORTIC.41 IIVfVFFI(IENCY 
/5 
Cmu~T 1 
312 
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per 100  cc.  (Mar.  19)  and  the animal was in insufficiency.  Weight  10.2  kilos. 
The dog was rescued again by the use of large amounts of cortical extract, and the 
weight quickly rose to 12.3 kilos. 
During  the  next  2  months  experimental procedures were withheld.  During 
this time the blood non-protein nitrogen fluctuated between 40 and 50 rag. per 100 
cc.  The dog looked very well and the weight rose to 15.5 kilos. 
During the middle of May another metabolism experiment was performed  and 
on  the  11th  day following withdrawal of extract injections, May  18,  the blood 
non-protein nitrogen was 140 mg. per 100 cc., and the dog showed typical evidences 
of insufficiency.  Weight 14.7 kilos.  On large amounts of extract the non-protein 
nitrogen fell, on successive days, to 122, 62, and then to 41 mg. per 100 cc.  The 
appetite returned, but there was no increase in weight.  The non-protein nitrogen 
finally reached 33  mg.  per 100  cc.  During this period of relapse there was no 
definite urinary retention, but a diuresis was associated with recovery. 
No further experimental procedures were carded out during the following 10 
weeks and the animal's condition remained excellent on  a  maintenance  extract 
dosage.  On July 16, the dog weighed 16 kilos.  Extract was then withdrawn and 
it was fed 10 gm. of fresh hashed beef suprarenal cortex per day from which the 
medulla had been carefully dissected.  After 4  days the dog appeared to be in 
mild relapse.  Weight 15.5 kilos, the blood non-protein nitrogen was 60 mg. per 100 
cc.  The mouth feedings of cortex were stopped and injections of extract resumed. 
Aug. 3, weight 15.2 kilos, injections of extract were stopped and the dog was fed 
dally 30 gin. of fresh beef adrenal cortex prepared as above.  The blood non-pro- 
tein nitrogen on the 3rd day had risen to 72 mg. per 100 cc., food was refused, and 
the weight dropped to 14.7 kilos.  Itwas again necessary to discontinue the use of 
the cortex feedings.  On Aug. 24, weight 15.0 kilos, the dog was deprived of extract 
for 4 da~ys.  The non-protein nitrogen rose to 92 mg. per 100 cc., there was anorexia, 
weight  decreased  to  14.4  kilos, and  the  usual  evidences of  insufficiency were 
observed.  At this time, 7 months postoperative, it was necessary to give the dog 
0.5 cc. of extract per kilo per day to keep it normal.  The weather during this 
period was very warm. 
Early in Sept., 1931, the dog looked well and the weight was 14.4 kilos.  It was 
active in all respects.  The dog was deprived of extract for 3  days (Sept.  19), 
when it refused food, the weight dropped to 14.1 kilos and the non-protein nitrogen 
rose from 36 to 90 mg. per 100 cc. 
On Oct. 9, weight 14.3 kilos, an insulin injection, 2 units per kilo intravenously, 
caused the dog to have convulsions; and, even after the administration of sugar 
by mouth,  intravenously, and  subcutaneously,  the blood sugar  for  6  hours re- 
mained at the level of 20 to 30 mg. per 100 cc.  A few days later, while the animal 
was being given an extract of low potency, the non-protein nitrogen rose to 172 
mg. per 100 cc. and the dog showed clear evidences of insufficiency.  During the 
hst few days of October (Oct. 27 to 29) it was placed on a batch of extract furnished 
us for assay by a pharmaceutical house (which later proved to be without potency). 
After this material had been used for 2 days the non-protein nitrogen was 70 mg. 
per 100 cc. and the dog was ill.  Potent material was then given. 314  SUPRARENAL  CORTEX.  I 
During the last few days of November 1/3 cc. of extract per kilo per day proved 
to be inadequate, the dog's weight dropped to 12.6 kilos, the food intake was low, 
and the non-protein nitrogen was 62 mg. per 100 cc.  A larger dosage was tempo- 
rarily required. 
In December the  animal copulated with  a  bitch in heat.  The non-protein 
nitrogen rose to 66 mg. per 100 cc.  The dog looked ill during the following week 
and in spite of 0.8 to 1.2 cc. of extract per kilo per day, the appetite remained poor 
and the weight fell from 12.6 to 11.3 kilos. 
During the latter part of December a skin infection developed while the dog was 
on 0.5 cc. of extract per kilo, the non-protein nitrogen rose to 70 mg. per 100 cc., 
and there was clear evidence of insufficiency. 
In Jan., 1932, 11 months after the second stage operation the animal was in fair 
condition but the weight was 12.0 kilos.  The extract requirement was now found 
to be about 0.7 cc. per kilo, per day, as compared to 0.25 to 0.3 cc. per kilo, which 
was the maintenance  dose found adequate during the early weeks after the removal 
of the suprarenal glands.  A metabolism experiment was begun Jan. 4,  1932, in 
which a measured fluid intake was forced by mouth.  2 days after the withdrawal 
of extract, Jan. 11, the blood non-protein nitrogen rose from 50 to 92 mg. per 100 
ec. and on the 6th day, with marked evidences of insufficiency, it had reached 
145  mg.  per  100  cc.  Weight  11.3 kilos.  The  extract  was  resumed  in  large 
amounts, 5.5 cc. per kilo and the next morning the non-protein  nitrogen was 88 mg. 
per 100 cc.  2 cc. of extract per kilo was then given, and 24 hours later the blood 
non-protein nitrogen was 56 mg. per 100 cc.  The following day 1.9 cc. of extract 
per kilo was given, and after a further 24 hours the blood non-protein  nitrogen was 
35 mg. per 100 cc. and the dog was active, eating, and well.  Its weight did not 
increase. 
Jan. 26, weight 10.7 kilos.  The dog was placed on an extract rendered inactive 
by accidental overheating, which was administered in large amounts (1  to 2 cc. 
per kilo of weight).  During the following 2 days it ate very little and the non- 
protein nitrogen rose  to 80 mg. per  100 cc.  The weight dropped to  10.3 kilos. 
The animal was found dead the following morning, Jan. 29, 11 months and 27 days 
after removal of the second suprarenal gland. 
Autopsy by Dr. KindeU revealed no evidence of infection.  A peptic ulcer was 
present.  There was no lymphoid or thymic hyperplasia and no explanation for 
death could be found..The suprarenal glands had been completely removed and 
no accessory tissue, cortical or medullary, was found after careful search.  Exami- 
nation of the other glands of internal secretion revealed no significant changes. 
The thyroid gland showed no evidence of hyperplasia; there was some calcification 
of  the  colloid material.  AU of  the  internal organs  showed  atrophic  changes, 
associated with the undernutrition.  This was especially marked in the liver which 
showed central atrophy.  There were areas of necrosis in the spleen, which may 
possibly have been associated with toxic changes due to the use of the batch of 
extract given Oct. 27 to 29 which had been prepared in another laboratory and 
which produced death in one other suprarenalectomized animal, and in a normal GEORGE A. HARROP~ J'R.~  AND ALBERT WEINSTEIN  315 
dog.  Autopsy on all three animals showed similar necrotic areas in the spleen. 
No significant changes were found in the kidneys. 
In summary this animal lived almost a year (360 days) after supra- 
renal glands were removed.  There were no  noticeable pigmentary 
changes at any time in the mucous membranes of the mouth or in the 
TABLE  V 
Relation  of the  Time Interval  before Suprarenal  Insuficiency  after Extract  With- 
drawal,  to  the State  of the Animal's Nutrition  as Indicated  by Body  Weight 
Dog W-13. 
Period of 
suprarenal  Date extract 
insufli-  withdrawal 
ciency 
1931 
Feb.  2 
"  21 
Mar.  16 
May 7 
Aug. 24 
Sept. 19 
1932 
Jan.  11 
"  26 
kg. 
13.2 
11.6 
10.5 
15.5 
15.0 
14.4 
11.7 
10.7 
Weight  Int  al 
in- 
lCy 
11.3 
10.3 
I  Blood 
Weight  pr%°~in 
nitroge~ 
rag. per 
kg.  |  100 cc. 
12.3  104 
11,5  84 
10,2  82 
14.7  140 
14.4  92 
14.1  90 
145 
80 
Comment 
Warm weather 
Fluids forced 
Died following day 
TABLE  VI 
Arerage  Blood  Non-Protein  Nitrogen  Level  Mg.  per  100  Cc.  at  Which  Various 
Symptoms  of Suprarenal  Insufficiency  Occurred  in  Twenty  Bilaterally 
Suprarenalectomized  Dogs 
Average normal level 
rag, per I00 co. 
4O 
Anorexia and loss  of weight  Gait changes 
rag. per 100 co.  rag. per 100 co. 
64  86 
Vomiting 
rag. per I00 cc. 
116 
Diarrhea 
rag. per 100 co. 
123 
skin.  The blood pressure was normal except during marked insuffi- 
ciency.  Kidney  function  (phenolsulfonephthalein  excretion  and 
creatinine and urea clearance) was impaired only when the degree of 
insufficiency had  become  marked.  Albumin  was  never  present  in 
the urine and there were no changes in the urinary sediment.  The 316  SUPRARENAL  CORTEX.  I 
animal was subjected repeatedly to exacting experimental procedures, 
and was in a state of marked insufficiency on at least seven different 
occasions and in mild insufficiency (anorexia, rise in blood non-protein 
nitrogen, loss of weight) on several other occasions.  The maintenance 
requirement of extract seemed to bear a relation to the state of nutri- 
tion.  Different batches of extract were used, but the assay value as 
tested on other animals did not vary greatly.  The time required for 
the  development  of  insufficiency  after  discontinuance  of  extract 
(Table V) bears a rather definite relation to the state of nutrition, as 
indicated by the body weight.  The only exceptions to this rule are 
the fifth and sixth periods of insufficiency during the summer of 1931, 
in warm weather, which has been stated to shorten survival periods 
of suprarenalectomized animals (7). 
It is evident from the extended study of this dog and of our other 
animals, that renal insufficiency characterized by inadequate secretion 
of urine and of certain urinary elements during the acute stage of 
suprarenal insufficiency (6), does not persist after recovery is brought 
about by the use of large amounts of cortical extract; nor are anatomi- 
cal lesions, indicating renal damage, to be found at autopsy in animals 
which have been repeatedly in insufficiency. 
The experiment on this animal, confirmed on several others, also 
indicates the failure of our efforts to maintain bilaterally suprarenalec- 
tomized dogs on feedings of freshly dissected ground beef cortex alone 
without the aid of extract. 
(c) Clinical Picture of Suprarenal Insufficiency Following  Extract 
Withdrawal 
Following the withdrawal of daily injections of cortical extract from 
suprarenalectomized dogs with completely healed operative wounds, a 
period of 2 to 10 days ensues during which no abnormality is observed. 
The earliest sign of insufficiency is anorexia, and generally a lessened 
fluid intake.  This usually occurs abruptly.  When the food intake 
on the standardized diet is weighed each day, the drop in consumption 
is very striking, and it produces a prompt loss of body weight.  The 
time of onset of anorexia varies with the individual animal and espe- 
cially with the state  of nutrition.  Frequently the  animal may be 
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usually  the  loss  of  appetite,  once  established,  is  complete  and 
permanent. 
The characteristic gait of the animal appears only after the earlier 
symptoms of insufficiency are well established.  The first abnormality 
noted is spasficity of the hind legs which disappears after the animal 
is released a few minutes outside of the cage.  This is followed by a 
spasticity which persists  regardless of exercise.  The  animal walks 
haltingly, lurching from side to side, and may finally fall to the floor, 
unable to rise because of the extreme weakness, particularly in the 
hind legs. 
Vomiting and  diarrhea,  fluid  and  sometimes tarry  in character, 
usually appear as later events, often only during the last hours of life. 
These symptoms in our experience are less constant, for the animal 
may die before either marked vomiting or diarrhea appears.  It is 
evident that such gastrointestinal reactions may produce a  marked 
effect on the concentration of the blood constituents.  It is possible 
that  they  may  produce  chemical  changes  which  have  previously 
been  described  as  characteristic  of  suprarenal  insufficiency.  Such 
may be the drop which has been described in the chlorides and sugar, 
the  concentration of the  blood,  and  the  occurrence of  acidosis  as 
reported in various studies (7, 8).  The clinical picture and the blood 
changes are practically identical with those seen in the various forms 
of "shock," as in intestinal obstruction and in cholera. 
The fall in body temperature is a constant phenomenon  which occurs 
at about the same time as the fall in basal metabolism and the rise in 
blood nitrogen.  Early in insufficiency the pulse of trained animals, 
at  rest  for  respiration  experiments,  is  usually  elevated.  There  is 
usually a terminal drop in pulse rate.  Significant changes in systolic 
blood pressure  are  a  late  phenomenon.  Irregularities in  the pulse 
rhythm occur in some animals.  The mental and nervous symptoms, 
and  hallucinations,  which have  been described, have not occurred 
frequently in  our animals.  A  purulent discharge from the eyes is 
very common in insufficiency, as well as falling out of the hair, in- 
creased difficulty in  the healing of wounds,  and  the  flaring up of 
quiescent infections.  The inelasticity of the hairy coat is quite strik- 
ing.  In the suprarenalectomized dog during relapse, the skin of the 
back of the neck remains in an elevated ridge, but slowly relaxing to 318  SlYPRARENAL  CORTEX.  I 
its former smoothness.  The relative ineffectiveness of the extract in 
the presence of infection is just as striking as is that of insulin under 
similar conditions.  Deep chronic infections at the site of operative 
wounds,  detected only at  autopsy,  have on  a  number of occasions 
confused us before death of the animal, sometimes weeks after opera- 
tion, because of the apparent lack of response even to large amounts of 
potent material. 
The effect of injections of the cortical hormone, where the insuffi- 
ciency is well established, is not immediate in the dog, and objective 
improvement cannot usually be demonstrated for a period of 12 to 24 
hours  after  a  large  resuscitating  dose  is  given.  It  is  practically 
impossible to induce recovery of animals which are almost moribund 
when injections are commenced.  The slower reaction of the prostrate 
dog to the action of the hormone contrasts with the effect which has 
been reported for other species of animals.  The amount of extract 
required to bring the animal out of insufficiency is invariably much 
greater  than  the  maintenance  requirement.  In  this  it  resembles 
thyroid insufficiency (e.g.,  myxedema). 
While the typical symptoms of suprarenal insufficiency, as described 
above, occur in most dogs, a small group, when deprived of extract, 
after the usual fore period without symptoms, will die in a relatively 
brief time and with little warning.  These are usually dogs markedly 
underweight and not in prime condition.  Such animals may be seen 
late in the evening, apparently alert and in fair condition, with normal 
temperature and pulse, and with normal gait, and may then be found 
dead next morning.  In  such  cases the blood non-protein nitrogen 
may not be elevated, as discussed below, within 6 or 8 hours of death; 
and even actually at death we have taken blood from two dogs which 
showed values not greatly out of  the normal range for non-protein 
nitrogen, sugar, chlorides, and cholesterol.  It is fair to say, however, 
that in no fatal case have we failed to see a marked grade of anorexia 
for at least 24 to 48 hours before death, and this we always regard as 
a significant symptom.  The autopsy findings in such animals differed 
in no essential detail from the pathological changes observed in the 
other  animals.  Exercise  appears  to  aggravate  the  symptoms  of 
insufficiency. 
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not detected until autopsy; distemper, particularly during an epidemic 
in the late fall of 1931; and the use of insufficient or impotent extract. 
A  number of animals have been killed  either  to obtain fresh patho- 
logical material or to obtain information during the course of certain 
special  tests,  such  as  a  study of the  toxicity to  insulin.  The most 
frequent cause of death has been too great delay in readministration 
of the extract after withdrawal during studies on the effects of insuffi- 
ciency.  It is very difficult to determine how long a  given animal may 
be permitted to remain without extract.  Finally the peculiar chronic 
inanition  described  above,  following experimentation,  has  been  re- 
sponsible  for  a  number  of  our  fatalities,  and  is  illustrated  in  the 
following typical protocol. 
Dog F-31. 
Date  Weight  Non-protein 
nitrogen 
193g  kg.  rag. #er 100 ~c. 
Right suprarenaleetomy  ...................  Apr.  11  8.0  30 
Left  "  ..................  "  28  7.9  26 
Died ...................................  June 15  6.5  175 
This animal was used for the study  of the hormone-sparing  action of oils.  On 
two different occasions cocoanut oil was given (30 cc. by mouth every day) and the 
extract  allowance  reduced  to  a  submaintenance  level.  In  both  instances  the 
animal lapsed into insufficiency.  During the last period of cocoanut oil adminis- 
tration the animal lost much weight and failed to recover in spite of large amounts 
of extract.  There was no vomiting or diarrhea.  The treatment  given  was as 
follows: 
Extract  in  dog  units 
Date  Remarks  Weight  Non-protein  (subcutaneous 
nitrogen  injection) 
193Z 
June 11 
"  12 
"  13 
"  14 
"  15 
kg. 
Insufficiency  7.0 
"  6.7 
"  6.4 
"  6.6 
"  6.5 
Died 3 hrs. after last injection 
rag. per 100 ¢c. 
88 
140 
130 
175 
30 
7 
60O 
200 
200 
This type of animal,  treated with  large amounts of extract  without improve- 
ment, suggests the lack of some factor in  addition  to  the  hormone.  Autopsy 320  SUPRARENAL  CORTEX.  I 
showed  a small  subcutaneous abscess  at  the  site  of  extract  injection  over  the lateral 
abdominal wall,  and general emaciation.  The suprarcnal glands were cleanly 
removed. 
TABLE  VII 
Changes in Certain  Constiluents  of the Blood  (Femoral Artery Blood)  Following 
Cortical  Extract Withdrawal and during the Suprarenal Insu~ciency 
So Produced 
Dog  13,  male  collie.  Nov.  21,  1930,  right  suprarenalectomy.  Feb.  2,  1931, 
left suprarenalectomy  (Dr.  Widenhorn). 
Date  Weight Temper-  Pulse  Cortical  Food  Activity 
ature  extract 
193g  kg.  *F.  co. per 
kg. 
Mar.  9  11.5  101.3!  70  0.25  +q-q-  Normal 
"  10  0.25  q-q-+  " 
"  11  0.25  +q-q-  " 
"  12  0.25  q-W+  " 
"  13  11.1  101.4  64  0.18  q-q-q-  " 
"  14  0.18  q-q-  " 
"  15  0.18  q-?  Fair 
"  16  10.7  98.8  112  1.0 
"  17  10.5  100.9  110  1.0 
Blood analysis 
Non-  Crea- 
pro-  Urea  tine  Sugar 
tein  nitro-  nitro- 
nitro-  gen 
gen  gen 
rag. per~ rag, p~  rag.  pe,  rag. per 
I00  cc.!lO0 cc  100  co,  100 co. 
44  22.5  1.4  85 
5O  30.0  1.5  70 
0  Swaying spas-  82  54.0  1.6  60 
tic gait 
q-?  Gait still sway-  65  45.0  1.6  70 
ing 
"  18  10.2  100.8  114  1.0  q-  Fair 
"  19  1.0  q-  " 
"  20  10.2  100.8  104  1.0  q-q-  Normal 
"  21  10.4  1.0  q-q--[-  " 
"  22  1.0  q--b-b  " 
"  23  11.1  101.0  60  1.0  -bq-q-  " 
"  30  11.4  101.0  76  1.0  q--b-b  " 
58  45.0  1.6  70 
45  26. (3 
45  23.{3  1.5  75 
43  24.{3  1.7  80 
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(d)  Changes in Blood  Constituents 
Studies have been made of the behavior of certain blood constituents 
during suprarenal insufficiency as well as following recovery after the 
injection  of the  cortical  hormone  (Tables  VII-IX). 
Non-Protein Nitrogen Retention.--Suprarenal insufficiency in the dog is charac- 
teristically  attended  by a  rise  in  the  total  non-protein  nitrogen  and  the  urea 
nitrogen  of the  blood.  This  is  usually  coincident  with,  or precedes  by a  few 
hours, the onset of anorexia.  There is, however, no definite level at which lethal 
exit occurs, the values found at death in this series ranging from 65  to 240 mg. 
per 100 cc.  The level may depend in part on the physical condition of the animal 
at the time of withdrawal of the extract, and the speed with which symptoms are 
induced.  The urea nitrogen rises essentially at the same rate as the non-protein 
nitrogen, so that a very high proportion of the excess of blood non-protein nitrogen 
is due to increase in the urea.  We cannot confirm the existence of a constant or 
regular increase in the non-urea moiety such as might give clue to the presence of 
some other nitrogenous body, of possible toxic significance.  Only in the terminal 
stages are appreciable increases in the concentration of creatlnine, uric acid, potas- 
sium, and inorganic phosphate of the serum to be discovered, and these increases 
are by no means constant.  It seems improbable that this rise in the non-protein 
nitrogen can be of primary significance in explaining the cause of the relapse.  The 
rise is associated with suppression of urinary nitrogen.  In those dogs which void 
fairly well  during  the early stages of insufficiency, the rise is not so rapid,  but 
eventually the level may become much higher.  The average level of blood non- 
protein nitrogen at the appearance of the several symptoms noted in a group of 
dogs is shown (Table VI).  Following administration of the cortical extract the 
drop in non-protein nitrogen usually precedes striking evidences of clinical improve- 
ment and may be rapid.  It is associated with diuresis and increased excretion of 
urinary  nitrogen  (Chart  1).  The  effect  is  more  prompt  and  striking  in  well 
nourished animals. 
Diminution  of Chlorides.--Usually in  association  with  the  onset of vomiting 
and diarrhea one notes a drop, sometimes marked, in the blood chloride concentra- 
tion.  We have not convinced ourselves that this is dissociated from these latter 
effects or that it is an invariable and characteristic feature of suprarenal insuffi- 
ciency in the dog.  Its  occurrence largely  depends on  the  duration  of the in- 
sufficiency. 
Acidosis.--The same conclusion applies to the question of acidosis, which has 
been reported as occurring during suprarenal insufficiency in cats and in dogs.  No 
changes which can be consistently  reproduced  have been found in  the plasma 
bicarbonate capacity.  The lactic acid of the blood in suprarenalectomized dogs, 
under properly controlled conditions, postabsorptive, and after prolonged immobili- 
zation is  constantly very low.  The  total base  of  the serum may drop  2  to 4 
millmols during suprarenal insufficiency.  Acetone bodies are not found in appre- i--I 
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TABLE  IX 
The Changes in Some Chemical Constituents of the Blood (Femoral Artery  Blood) 
Following Extract  Withdrawal  and  during  the  Progress of  the  Suprarenal 
Insuficiency  So Produced 
Dog W-4,  male.  Oct.  15,  1930,  right  suprarenalectomy.  Oct.  29,  1930,  left 
supmrenalectomy  (Dr.  Widenhorn).  From Oct. 30,  10 cc. cortical extract daily 
until Nov. 4,  1930. 
Date 
1930 
Nov.  5 
"  14 
"  17 
Noon 
3 p.m. 
Nov. 18 
"  19 
"  20 
"  21 
4 p.m. 
Remarks 
From  Nov.  5  to  Nov.  15 
given 5 ec. cortical extract 
daily 
Extract  discontinued  after 
Nov. 14 
Gait unsteady.  Food refused 
Electrocardiogram  showed 
idioventricular  rhythm. 
Cannot  stand.  All food 
refused.  Cortical  extract 
15 cc. 
Cortical extract  15  cc.  at  8 
a.m. 
Died just as this blood sam- 
ple  was  taken  (cardiac 
puncture) 
In  this animal  the injections of  the hormone  were  resumed  either  too  late, 
or in insufficient quantity to prevent a  fatal outcome.  Autopsy showed complete 
removal of the suprarenal glands, no accessory tissue, and no evidence of active 
infection. 
The cortical extract used assayed approximately 4 dog units per cc. 
ciable  amounts  in  the  urine.  Where  acidosis  occurs, as  has  previously  been 
reported, we suggest that it is due to dehydration.  The possibility that a retention 324  SUPI~.ARENAL  CORTEX.  I 
acidosis such as is found in the terminal stages of renal insufficiency may occur 
must remain open, but we do not believe it is a  primary or serious factor in the 
production of suprarenal insufficiency. 
In  severe insufficiency blood samples are obtained with great difficulty; the 
veins are collapsed, the blood pressure is very low, and the blood is dark and thick. 
We do not doubt that the arterial and venous blood oxygen content difference is 
large; and this combined with the low oxygen consumption points to an extreme 
reduction, under  these  circumstances, in  the  circulatory minute  volume.  The 
venous blood from the jugular vein, which drains the cranial cavity, appears to be 
equally as dark as that from the femoral veins draining the muscle areas, and in the 
few instances studied the oxygen unsaturation was the same. 
Blood Sugar.--The effect of suprareual insufficiency upon the blood sugar in 
the dog is inconstant.  In general the concentration tends to become somewhat 
lowered after anorexia is well established, but extreme grades of hypoglycemia 
were not encountered (never below 45 rag. per 100 cc.), and severe symptoms of 
insufficiency and death have been observed repeatedly when the blood sugar level 
was not significantly lowered.  Whether this is peculiar to the dog, and possibly 
explainable as due to the large amount of accessory medullary tissue found in this 
species, is a  matter of speculation.  The  tendency  to  hypoglycemia was more 
conspicuous in those animals where severe grades of inanition were present.  Ad- 
ministration of the cortical hormone alone, without administration of glucose or 
food to dogs in suprarenal insufficiency has a  variable effect on blood sugar con- 
centration.  Charts 2 and 3 illustrate these effects in typical experiments.  Where 
the animal does not show marked inanition as Dog 19, a definite rise in blood sugar 
occurs after a  period of hours  (fasting), but it does not exceed previous normal 
levels.  Where  there is marked  inanition  (and  no  doubt very little storage of 
glycogen) as in Dog F-16, there is no definite effect on the blood sugar.  The prob- 
lem arises as  to  whether,  in  the  dog,  the  hypoglycemia observed may not  be 
satisfactorily explained on the basis of the anorexia and inanition alone.  We see 
no substantial basis of support for the theory that the cortical hormone has an 
important effect in the regulation o~ the blood sugar level (12), at least in the dog. 
Reaction to Insulin.--Marked increase in sensitiveness to insulin is characteristic 
of  dogs  without  suprarenal  glands,  although  they  are  maintained  in  normal 
condition with  cortical hormone.  The  cortical hormone  does  not  protect  the 
animal against this increased susceptibility, which presumably is due to disturbed 
function of the medullary tissue.  These findings are in agreement with those of 
Britton and GeiUng (7) and of earlier workers mentioned by these authors.  Injec- 
tions of large amounts of the cortical hormone simultaneously do not influence this 
marked sensitiveness to insulin.  (Tables X  and XI, and Chart 4 illustrate typical 
experiments.) 
The  non-protein  nitrogen  and  other  blood  constituents  can alter 
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e~ TABLE  X 
Hypersensitiveness of the Suprarenalectomized Animal to Insulin 
Dog F-7, male, weight 10.0 kilos. 
Right suprarenal removed--Oct. 14, 1931.  Left suprarenal removed--Nov. 11, 1931.  (Dr. Firor) 
Oct. 9, 1931,  Nov. 3, 1931,  Nov. 23,1931, 
one suprarenal  both suprare- 
intact animal  removed  nals removed 
Insulin intravenously 
per kg  .............  2 units  2 units  I unit 
Blood sugar  Blood sugar  Blood sugar 
Fasting 
Hrs. after insulin 
1 
2 
3 
5 
7 
12 
Reactions 
rag. per 100 co. 
87 
32 
35 
37 
73 
Decreased 
activity 
rag. per I00 cc. 
86 
32 
32 
43 
78 
93 
Decreased 
activity 
rag. per 100 co. 
69 
25  Coma,  convulsions 
29  Coma, 30  gin. carbohydrate 
by mouth 
47  5 gm. subcutaneously 
95  Coma 
95 
63  Coma, 30 gin. by mouth 
Convulsions--coma--recovery 
TABLE  XI 
Hypersensitiveness of the Suprarenalectomized Animal to Insulin 
Dog F-15, male, weight 8.0 kilos. 
Right suprarenal removed--Dec.  21, 1931.  Left suprarenal removed--Jan. 22, 1932.  (Dr. Firor) 
Jan. 5, 1932, one supra-  Feb. 2, 1932, 
renal removed  both suprare- 
aals removed 
Insulin intravenously per 
kg  .....................  1 unit  0.5 unit 
Blood sugar  Blood sugar 
Fasting 
Hrs. after insulin 
1 
7 
Reactions 
rag. per 100 co. 
73 
37 
34 
32 
53 
85 
Decreased activity 
rag. per I00 co. 
63 
28  Convulsions, 10  gm.  glucose 
intravenously 
245  Coma, convulsions 
140  Coma, 25 gm. glucose intra- 
peritoneally  with  0.5  cc. 
1/100 adrenalin 
408  Coma,  20  gm.  glucose by 
mouth and 0.5 cc. adrenalin 
subcutaneously 
540  Died 
Convulsions---coma--death 
In this animal coma persisted in spite of the marked hyperglycemia produced by 
glucose injections. 
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No. P-1 was a male dog with infections at the sites of both operative incisions 
for removal of the suprarenals, which, however, seemed to heal well.  This animal 
was used for assay of the cortical extract.  Feb. 6, 1931, on adequate doses it was 
doing well and was maintaining weight.  18 days later, after the extract was re- 
duced to 0.1 cc. per kilo per day for 3 days, the dog went into insufficiency from 
which it recovered with the use of large amounts of extract (2 cc. per kilo for 3 days 
and 1 cc. per kilo for the next 2 days).  The dog then seemed in good condition and 
extract was omitted for only 24 hours.  In the morning of the following day (Mar. 
12) it seemed well, although it had not eaten.  The temperature was 101.2  ° .  The 
dog was permitted to exercise in the yard during the morning, but at 2.30 p.m. 
vomited, and at 4 p.m. when removed from the cage had watery diarrhea and could 
not stand.  Temperature 96  °, pulse 110.  Glucose and saline injections were given 
intraperitoneally, as well as 2 cc. of extract per kilo, but the dog died during the 
night.  The abrupt changes in the (arterial)  blood findings follow. 
1931 
Mar. 11, 9 a.m.  Condition  seemed 
good but not eating.  No extract 
given 
Mar.  12, 4 p.m.  Collapse followed 
exercise.  Blood sample taken be- 
fore  administration  of  glucose, 
fluids, or extract 
~on- 
roteil 
trog¢ 
~g.  p~ 
O0 cc 
6O 
104 
Blood constituents 
Urea  Sugar  I  nine  i  In°l~  I  aitrogen  Creati-  serUmphos. 
....  phorus 
rag. per [ rag. per I rag. Per  rag. per 
100 cc. IJ .fO0 cc.  I  I00 co.  100 co. 
35  I  60  '  1.5  7.5  I 
82  65  2.3  13.2 
Sertnn 
potas- 
sium 
rag. pet 
100 co. 
25 
42 
Serunl 
base 
ra.-eq. 
per liter 
152.6 
147.6 
This animal illustrates the abrupt collapse which may follow exercise 
when the dog is in early insufficiency, the rapid change which may take 
place in various blood constituents,  without  change in the sugar con- 
centration,  and the usual terminal  rise in serum potassium  and inor- 
ganic phosphates.  When the animal has been deprived  of extract  in 
sufficient  dosage  over  a  considerable  period,  insufficiency  is  very 
rapidly  induced,  and  if  it  is  allowed  to  advance  too  far,  as  in  this 
case, a fatal result occurs in spite of energetic measures.  Extract from 
dissected  cortex was used  throughout  this  experiment  and the  assay 
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Serum Lipids?---A  considerable number of estimations of serum cholesterol and 
cholesterol esters, and of serum lipid-soluble phosphorus  (lecithin) were  made. 
No definite relation to suprarenal insufficiency or to injections of extract could be 
established.  In many instances the serum lipid-soluble  phosphorus concentration 
tends to be lowered terminally, or in severe insufficiency, while total cholesterol 
is increased.  Sometimes the phosphorus values are very low, but not infrequently 
normal values are found.  We see no correlation between the values for the lipids, 
which have been studied, and the clinical state of the animals.  The blood samples 
were taken after a fast of 18 hours or more.  During insufficiency the fasting period 
due to the anorexia, may be prolonged. 
APPENDIX  I 
Two monkeys (Bonnet macaque) were suprarenalectomized by Dr. Firor in the 
fall of 1931 in two stages and injected with cortical extract twice daily thereafter 
by Dr. L. J. Softer.  Monkey L-19 was suffering from diarrhea prior to the removal 
of the second suprarenal gland and although 1.1 to 2.6 cc. of extract per kilo was 
given daily it died on the llth day.  Monkey L-18 was in better condition, the 
weight being well maintained.  It was found dead on the 42nd day after removal 
of the second suprarenal gland without rise in the blood non-protein nitrogen, and 
death was attributed to the toxicity of a  lot of cortical extract sent us for assay 
by a pharmaceutical house, which killed two suprarenalectomized dogs during the 
same period.  During  the  6  weeks of observation,  this  animal,  Monkey L-18, 
developed pigmented freckles over the back and chest wall and scrotum, and there 
may have  been  slightly increased pigmentation of  the lips.  Szent-Gyorgi has 
recently reported that the hexuronic acid compound isolated by him in 1928 from 
the suprarenal cortex is the hormone effective in preventing the abnormal pigmen- 
tation of Addison's disease, although no protocols have as yet been published in 
support of this announcement.  Animals totally deprived of cortical tissue and 
maintained on the cortical extract only, should be studied for the development of 
pigmentation.  Aside from the observation reported above, which we regard as 
suggestive only, we have not observed definite evidence of increased pigmentation 
in any of our animals.  Autopsy on both of these monkeys (Dr. Kindell) showed 
that the suprarenal glands had been completely removed, and no gross accessory 
suprarenal tissue was detected after careful search. 
These determinations were made with the assistance of Mr. D. J. Verda and 
Mr. E. A. Pekarek of the Second Year Class.  Their aid is hereby acknowledged. 
Cholesterol and  cholesterol  esters  were  determined  separately after  digitonin 
precipitation.  Lipid-soluble  phosphorus  was  determined  after  ashing  with 
perhydrol  by  the  Fiske-Subbarow procedure.  Alcohol-ether extracts  of  blood 
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DISCUSSION 
A comparison of the phenomena observed clinically during the crisis 
of Addison's  disease  with  those  of  suprarenal insufficiency in dogs 
after withdrawal of extract,  reveals striking similarities,  as well as 
differences which must be equally significant.  The points of resem- 
blance are the extreme muscular weakness, the anorexia, vomiting and 
diarrhea, the lowered general bodily activity associated with lowered 
body  temperature,  the  lowered  general  metabolism,  the  increased 
blood  concentration,  and  the  characteristic increase  in  blood  non- 
protein  and  urea  nitrogen.  The  serum  potassium  and  inorganic 
phosphate characteristically increase and  the  total  serum base falls. 
It seems clear that all of these phenomena are  dependent directly or 
indirectly on  lack  of  the  cortical hormone.  With  the possible ex- 
ception of the extreme muscular asthenia, they are also characteristic 
of "shock" as produced by a  variety of causes  both  in  man  and  in 
the experimental animal. 
On  the other hand,  proper dosage of cortical extract in  the  dog 
appears to maintain normal nutrition and weight and to preserve life 
indefinitely.  The blood pressure is normal, there is no lowering of 
the blood  sugar,  no increased pigmentation,  and no  change in  the 
basal  respiratory metabolism.  There is  an increased sensitivity to 
insulin and to thyroid extract. 
In contrast, the patient with advanced Addison's disease, even when 
given large amounts of a  potent preparation of cortical extract con- 
tinues to have hypotension, hypoglycemia, and no striking ameliora- 
tion  in  the pigmentation which is  characteristic of the disease and 
almost always present.  He is in general very sensitive to insulin and 
to the administration of thyroid extract.  The effect on weight and 
nutrition is variable and often very slight.  The basal metabolic rate 
is lowered in most patients. 
That  the  differences between the human disease  and  the  effects 
produced by the experimental deficit can be ascribed to tuberculous 
infection, present elsewhere in the body in Addison's disease, is  at 
once disproved by the fact that  the salient  clinical features of the 
disease are just as characteristic of the cases due to atrophy of the 
suprarenal cortex where no tuberculosis whatever is present.  In the 332  SUPRAR.ENAL CORTEX.  I 
latter, the deficiency of medullary tissue is also very marked.  It is a 
striking fact that the pathological phenomena singularly unaffected 
by  administration  of the  cortical hormone in  Addison's  disease in 
man  (9),  namely hypotension, hypoglycemia, and pigmentation, are 
just those which do not occur as a result of suprarenal deficit in the dog. 
They  are  phenomena  which  a  considerable  body  of  experimental 
evidence  associates  with  disturbance  of  medullary  function  and 
particularly with that of adrenalin.  It is a fact that the influence of 
adrenalin on blood  sugar  and blood pressure is  transient.  Recent 
evidence, however, indicates the probability that not adrenalin but a 
more powerful related compound is the active pharmacologic agent in 
the suprarenal gland  (10).  The abdominal chromaffin body in  the 
dog has been shown to  contain as much  as  1/12  of  the amount of 
adrenalin present altogether in the suprarenal glands (11). 
SU~A.RY 
1.  The methods used in the operation and care of suprarenalecto- 
mized dogs are given. 
2.  The effect of injections of the cortical hormone upon normal and 
suprarenalectomized dogs is described. 
3.  Symptoms and  chemical studies of  suprarenal insufficiency in 
the dog, following extract withdrawal are described, together with the 
effects produced by its readministration. 
4.  The phenomena associated with experimental suprarenal insuffi- 
ciency are  contrasted  with  those  seen  in  patients  with  Addison's 
disease.  The identity of the acute symptoms with those of "shock" 
is pointed out. 
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